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An Ejfay on the VARIATIONS of the BAROMETER, 
By RICHARD KIRWAN, Efq-, M.R.LA and F.R.S, 



.MONO the various purfuits which for upwards of a century Read March 
have engaged the attention, and exercifed the ingenuity of the *»^788' 
philofophic world, none has the merit of contributing fo largely 
to the general ftock of natural knowledge, nor is there any from 
which mankind has derived fuch extenfive and immediate advan- 
tage, as from that which has the nature and properties of the atmo* 
fphcre for its objed. To fay nothing of the profound refearches 
of a Scheele, a Cavendifh or a Prieftley, which have fo happily 
developed the more fecret and intimate qualities of this invifible 
fluid, it is from the inveftigation of its more general and obvious 
properties, its gravitation, denfity and elafticity, that mechanicks 
and aftronomy have received many of their greateft improvements. 
The inftrument which firft led philofophers to fufped, and which 
at laft fully confirmed the exigence, and even defined the extent 
and limits of thefe properties, was the barometer. Through it 
the weight of the whole atmofphere which furrounds the earth, 
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a problem which before its invention rouft have appeared far 
beyond the reach of human abilities, has been determined. It 
was this inftrument, which in the hands of Otto Guericke and 
our immortal countryman Mr. Boyle, fuggcfted the invention and 
improvement of the air-pump, and thus paved the way for the 
numerous difcoveries to which this latter gave birth. To this 
inftrument we fland indebted for our knowledge of the elailicity, 
condenfation and rarefadion of the air j properties which have 
fince been fo happily applied to the conftruction and improve- 
ment of hydraulic machines, and the menfuration of heights. 
To it we owe a more accurate knowledge of the laws of the 
vibration of pendulums, and of thofe of the refradion of light ; 
difcoveries from which aftronomy, and confequently navigation, 
have derived the greateft advantage. Nay, it may with truth be 
affertcd, that it is to this inftrument that modern philofophy 
owes its exiftence, and modern Europe its fuperiority over all 
other regions; for it was the Toricellian experiment that firfT 
demonftrated the futility of the antient mode of philofophifing, 
and the advantages of experimental inveftigation, and thus ex- 
cited the more civilized nations to thofe purfuits, which have 
fince rendered them as fupcrior both in arts and arms to the 
more ignorant, as men are to brutes. 

Great, however, as has been the fuccefs attendant on the 
ftudy and application of the obfervations made by the help of 
the barometer, the bulk of mankind have always expeded ftill 
more from it : Nothing lefs indeed than a prognoftic of the 
weather. Nor is this expcdation entirely vain ; particularly in 
the circumftance in which fuch foreknowledge is of moft impor- 
tance. 
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tance. The marine barometer, if we may credit the moft ref- 
pcdable authorities, that of Dodor Halley*, Captain Middle- 
ton f, Lord Mulgrave|, and many French navigators §, never 
fails to indicate a ilorm feveral hours before-hand. But writh 
refpcd to Icfs confiderable changes of vreathcr, it muft be allowed 
that its variations afford no indications abfolut^ly certain, though 
with certain reftridions they afford fome ground for probable 
conjedlure ; and the reafon of this difference is (as will more 
plainly appear in the fequel) becaufe the height of the mercury 
in the barometer hath no immediate and neceffary connexion 
either with rain or fair weather. That its variable height is the 
immediate confequcnce of the variable preffure of the atmofpherc 
admits of no doubt, but the caufe or caufcs of this variable pref- 
fure have not yet been fully afccrtained ; many indeed have been 
fuggefted, but none that reached the full extent of the phaeno- 
mena. This acknowledged want of fuccefs of my predeceffors 
in this enquiry, at the fame time that it entitles me to make 
further refearches in this intricate fubjed, will, I hope, plead my 
apology in cafe they prove equally unfuccefsful. In order to lay 
the whole matter fully before the Academy, I fhall firft ftate the 
principal obfcrvations made on the variations of this inftrument j 
fecondly, the principal caufes to which thefe variations have 
hitherto been referred, with a few remarks to fhew the infuf- 

* rV. Phil. Tranf. Abr. Part II. p. 6. 

t VIII. Phil. Tranf. Abr. p. 468. 

X Phipps's Voyage, p. 74. 

§ Encyclop. par Ordre des Matieres Navigation, torn. i. p. 112. 

ficiency 
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ficiency of thefe caufes ; and laftly, I fliall explain that which to 
me feems more adequate to the efFedt, 

FIRST OBSERVATION. 

The more confiderable elevations and depreffions of the If. in 
the barometer happen at a very Ihort interval of time in places 
very remote from each other. This correfpondence was obferved 
by Mr. Derham in 1699 between the heights of the t^ at Upmin- 
fler in Effex and Townley jn Lancafhire ; and afterwards by 
Mr. Maraldi, between the variations at Paris and Genoa *, at the 
diftance of nearly four degrees of latitude. Mr. Derham alfo 
obferved nearly the fame agreement between barometers at Berlin, 
lat. 53°, and Pitha2a, lat. 65° t> as did Afclepi between thofe at 
Rome, lat. 42°, and at Padua, lat. 45° X- But I have remarked 
that where there is a confiderable difference of longitude, the 
like agreement is not found. Thus Mr. Hadley found that at 
London and Padua the variations are frequently in oppofite 
diredions § j and fo they commonly are at Ponoi, lat. 670, 
long. 47° E. and Peterfburgh, lat. 60° long 30° E. ; and the dif- 
cordance is flill greater between the variations at Peterfburgh and 
thofe at Jakutfki, lat. 62"^, long. 129° E. |I ; Maraldi obferved alfo 
that different winds prevailed at Paris and Genoa during the corref- 

* Mem. Par. 1 709. 

t VIII. Phil. Tranf. Abn 

:|: La Cotte Metered, p. 181. 

§ VIII. Phil. Tranf. Abr. p. 587. 

II XIV. N. Aa. Petrop. 

ponding 
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ponding variations. On the other hand, variations in a contrary 
fenfe, but inconfiderable in their extent, are often obferved in 
places very near to each other, as Franeker and Lewarden, as 
Mr. Van Swinden aflures us *. 

SECOND OBSERVATION. 

The deviations of the $ from its mean annual altitude arc far 
more frequent and exteniive in the neighbourhood of the poles 
than in that of the equator. At Peterfburgh, An. 1725, the ^^ 
once Hood at the ftupendous height of 31,59 inches, if we may 
credit Mr. Confett j and yet it has been feen fo low as 28, 1 4 inches. 
In the northern parts of France the variations are greater than 
in the fbuthern f } at Naples they fcarcely exceed one inch J. In 
Peru, under the equator, and at the level of the fea, they 
amount only to two or three-tenths of an inch ; but in other 
parts, within a few degrees of the line, on the approach of the 
rainy Icafon or of hurricanes, the barometer falls an inch or 
more §. 

THIRD OBSERVATION. 

The variations without the tropics are greater and mofe fre- 
quent in the winter than in the fummer months. VIII. Phil. 
Tranf. Abr. 605. La Cotte, 298. 

• Obfervations fur le froid de L'annee 1776, p. 55. VIII. Phil. Tranf. Abr. p. 555. 

t La Cotte, p. 186. 

t VIIL PhU. Tranf. Abr. p. ^66. 

$ Boug. Fig. XXXIX. Phil. Tranf. 1 778, p. 182. Hift. of Jamaica, Vol. I. p. 372. 
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FOURTH OBSERVATION. 

The variations are confiderably fmaller in very elevated fitua- 
tions than on the level of the fea. Thus Mr. Bouguer obferved 
that while on the coafts of Peru the variations extended to 4 of 
an inch ; at Quito, elevated 9374 feet above the fea, they 
reached only to 0,083 of ^^ inch. Mr. Sauffure made fimilar 
obfervations in Savoy, as did Mr. Lambert in Switzerland. 
II. Sauff. Voy. aux Alpes, p. 577. 

FIFTH OBSERVATION. 

The mean height of the barometer on the level of the fea in 
moft parts of the globe hitherto examined is about 30 inches. 
Mr. Bouguer under the line obferved it at 29,908 inches ; but 
as his barometer was not purged of air by fire, it flood lower 
than it fhould. Sir George Shuckburgh, on a mean of feveral 
obfervations on the coafts of Italy and England, found it at 
30,04, when the temperature of the ^ was 55°, and that of the 
air 62°. In the proximity of the poles the annual mean heights 
of the barometer differ much mere from this flandard than in the 
more fouthern parts of our hemifphcre. 

As to the connedion of the variations of the barometer with 
the weather, the four following obfervations, made by Dr. Halley 
in England, feem to be moft univerfal, as they were found by Mr. 
Melander to apply to lat. 39° *, and by Mr. De Luc to lat. 46° f. 

• Schwed. Abhand. 1773, S. 255. 
f 1 De Luc Modif. p. 77. 

SIXTH 
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SIXTH OBSERVATION. 

« In calm weather, when the air is inclined to rain, the i^ is 
" commonly low." 

SEVENTH OBSERVATION. 

*' Upon very high winds, though not accompanied with rain, 
" the jj[ {inks loweft, having regard to the quarter from whence 
" the wind blows." 

EIGHTH OBSERVATION. 

" In ferene and fettled weather the ^ is generally high, as 
'* alfo in calm and frofty weather." 

NINTH OBSERVATION. 

" The greateft heights of the ^ arc found upon eafterly and 
" north eafterly winds ; to which we may add, that under a 
" foutherly wind it is commonly low." 

The caufes to which thefe phaenomena have been afcribcd, 
are, firft, variations of temperature; fecondly, the velocity and 
other qualities of different winds ; thirdly, the agency of 
vapors. 

Of the Influence of different Temperatures. 

That air is rarified by heat and condenfed by cold is well 
known ; and it is equally fo, that denfe air is heavier than that 

H which 
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which is rarer -, but then the mailes muft be unequal ; for while 
they remain the fame the weights muft be equal, and confe- 
quently fo muft the heights to which they elevate the mercury. If, 
therefore, an alteration of temperature alters the height of the 
barometer, it muft be by diminiftiing or encreafing the mafs of the 
atraofphere. Now it appears by obfervation, that a variation of 
the mafs of the atmofphere is not a necelTary confequence of an 
alteration of the temperature ; for the § is often at the fame 
height at different feafons, and at different places in the fame 
feafon ; for inftance, in winter, at London and Peterfburgh, 
though the temperatures at thofe feafons and places be very 
different ; and even when the height of the ^ changes fimul- 
taneoufly with the temperature, the change is often diredly con- 
trary to that which the change of temperature would lead one 
to cxpedt. Thus on the 9th of January, 1777, at eight o'clock 
in the morning, the thermometer at London ftood at 19° under 
a N. wind, and the barometer at 29,69 ; but at two o'clock in 
the afternoon, the wind being W. by S. the thermometer rofe to 
31,5, and the barometer to 29,7, inftead of falling, as might be 
expelled, from an encreafe of 12,5 degrees of heat. Phil. Tranf. 
1778, p. 574- 

Besides, great changes of temperature take place only in the 
lower atmofphere ; in the higher regions they are inconfiderable. 
Now any increment or decrement of the mafs of the lower 
atmofphere that can be alcribcd to a change of temperature is 
too fmall to produce any confiderable alteration in the height of 
the barometer j for in winter the height to which any confider- 
able variation of temperature may be fuppofed to extend, 
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fcarcely exceeds 5000 feet, as we learn from the teftimony of 
aeronauts and the height of clouds ; and indeed the winds that 
prevail on the furface of the earth, and which are the primary 
agents of a change of temperature, feldom reach higher, and in the 
more northern regions not fo high. Thus, on the i ft of Decem- 
ber, 1783, at Paris, while a S. wind prevailed below, a N. wind 
prevailed at the height of 1280 feet*; and the fame oppofition 
was found in the currents of air at the fame height at Pifan9on 
in January, 1784.. At Ponoi the clouds are frequently feen 
unmoved during the moft violent ftormsf ; yet on the 21ft of 
December, 1779, the thermometer in the open air being at 49°, 
and the wind S. S. E. the barometer flood at 28,91 inches ; but 
the next day, the wind turning to N. N. W. the thermometer 
fell to 30°, and the barometer rofe to 29,89 inches. Here the 
difference of temperature is 19°, and the variation of the baro- 
metrical height nearly -rs of an inch. Let us now examine how 
this fad can be explained on the fuppolition that the mafs of the 
lower atmofphere is encreafed in proportion to the condenfation of 
its volume. 

In the firft place, we may affumc that heat in its progrefs 
upwards decreafes nearly in an arithmetical progreflion. The 
barometrical method of meafuring heights is in a great meafure 
founded on this fuppofition ; and as the errors of this method do 
not exceed 2 or 3 feet, and feldom i foot in 1000, it may be 
looked upon as fufficicntly exad, and confequently fo may the 

* Mem. Par. 1782, p. 650. 

■J- II. Faujas Balons, p. 274. XVI. N. A(k. Petrop. p. 68. 
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fuppofition on which it is grounded. On examining a confider- 
able number of obfervations of this fort, I find that the differences 
of heat at different elevations are to the differences of the 
logarithms of the mercurial heights at thofe elevations, very 
nearly, as i6o to i j and the difference of the logarithms may be 
found fufEcicntly near, by dividing the elevation in feet by 
60000. If then, in the inflance above given, the S. wind reached 
the height of 5000 feet, the difference of the logarithms fhould 
t>e Ti-?-ll=»o83333> which multiplied into 160, gives I3°,33 for 
the difference of temperature at the furface of the earth and at 
that height ; and the former being 49", the latter mufl have been 
35°,67, and confequently the mean temperature of the fouthern 
3'r 42,33. Again, fuppofing the N. wind to have obtained the 
fame height, the temperature at the furface of the earth being 
30°, that at the height of 5000 feet fhould be i6°,67, and the 
mean temperature 23,33; or in round numbers, the mean 
temperature of the fouthern current was 42°, and that of the 
northern 23% and the difference of both temperatures 19°. 
Now 5000 feet— 60000 inches ; and by General Roy's experi- 
ments*, it appears that 1000 parts of air at the temperature of 
42*^ lofe about 40 of their bulk by 19^ of cold, and confequently 
60000 fhould lofe 2400. But as in this cafe the height of the 
column of air is fuppofed to be the fame after condenfation as before 
it, its mafs or denfity mufl be encreafed by the addition of 
2400 inches, which when the barometer is at 29,89, and the 
thermometer at 23", weigh 762,36 grains ; and as one-tenth of 
an inch of ?, even at the temperature of 62°, weighs 344,32 

♦ Phil. Tranf. 1777, Part 11. 
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grains, it appears that the above acceffion of weight to the co- 
lumn of air that fupports it can raife it little more than — of 
an inch, inftcad of nearly -^, the variation to be accounted for. 
This caufe, therefore, though not abfolutcly inefficient on the 
fuppofition that the whole mafs of the fuperincumbent column 
is encreafed by the acceffion of new air in proportion to the 
condenfation, is notwithltanding inadequate to the effed pro- 
duced. 

Of the Influence of Winds. 

The winds, whofe efficacy in producing the variations of 
the barometer I am about to difcufs, are thofe which reign in 
the lower regions of the atmofphere, they being principally 
referred to by thofe philofophers who have had recourfe to their 
agency. 

First. Do(f]tor Halley attributes the rife of the barometer over 
its mean altitude to the accumulation of air over the place of 
obfervation, which accumulation he attributes to two contrary 
winds blowing towards that place j but if this were the cauie of 
the elevation of the mercury, we fhould always have a calm 
when the ? ftands highefl: ; for the accumulation fliould take 
place only when the two contrafy winds blow with equal force, 
fince if one of them prevails it fhould repel its antagonift, and it 
is only during the prevalence of neither that the air can be 
accumulated. Now it is notorious that the greateft mercurial 
heights are accompanied by an eafterly or northerly wind, as he 
himfelf has obferved. Nor can that equality of barometrical 

heights 
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heights which we have mentioned in the firft obfer^ration to take 
place in very diftant countries, in which very different winds 
prevail, be explained in this hypothefis. It is moreover flatly 
contradided by the obfervation of Mr. Forth, who, while the 
mercury all over England ftood lower than ever it was known to 
do, found that a N. E. wind prevailed in the northern part of 
that ifland, and a S. W. in the fouthern. VIII. Phil. Tranf. 
Abridg. p. 497. 

Secondly. In this hypothefis the defccnt of the if. beneath 
its mean altitude is afcribed to the rarefadion of the atmofphere 
over the place of obfervation, owing to its exhauftion by two 
contrary currents ; for inftance over England, if it fhould blow 
a weftcrly wind on the German, and an eafterly wind on the 
Irilh fea. But a rarefadion in fuch circumftances from fuch a 
caufe feems to- me impoffible ; for if fuch currents took place, the 
northern or fouthern air would flow in to maintain the equili- 
brium in the fame proportion ; or if this did not happen, and 
that four contrary currents took place, the higher air fhould de- 
fcend, and caufe a fenfible cold, which yet is feldom obferved 
in England when the ? is low ; on the contrary, a warm S. wind 
commonly prevails, to whofe temperature neverthelefs the rare- 
fadion cannot be afcribed, as we have already feen. 

Thirdly, The great defcent of the j^ on high winds in 
ftorms is thus explained by Dodor Halley : " The region of 
" the earth wherein thofe winds rage, not extending round the 
" globe, the ftagnant air left behind, and that on the fides, can- 
" not rufh in fall enough to reftore the evacuation made by fo 
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" fwift a current, fo that the air mufl: be attenuated where the 
" faid winds continue to blow." — " Add that the horizontal 
" motion, being fo quick, may take oiF fome part of the per- 
" pendicular prelTure." This laft reafon feemcd to acquire fome 
confirmation from an experiment made by Mr. Hawkfby ; for 
having paffed a ftream of air through a box in which the lower 
fhank of a barometer was inferted, this ingenious gentleman 
obferved the ^ to fall while the current paffed through the box, 
as alfo in another barometer which communicated with the box, 
but over which the current of air did not flow. 

Yet if all this were allowed, ftill the phasnomenon in queflion 
would remain unexplained ; for not only during the florm, but 
feveral hours, if not days before it, the mercury defcends confider- 
ably, as Dodor Halley himfelf and all thofe who recommend the 
marine barometer atteft, otherwife this inflrument would be ufe- 
lefs. Mr. Cafwell fays that two days before the great ftorm of 
January, 1734-5, the § fell ~ of an inch below 28 inches*. 
But even if the fall were barely concomitant with the florm, 
Dodor Halley's reafons would not prove their connexion. That 
a body fliould move through air with fuch velocity as to leave 
a vacuum behind it, there is a neccfUty that it fhould move at 
the rate of i t or 1200 feet per fecond, as Mr, Robins has fliewn 5 
now the fwiftefl: wind moves only at the rate of 92 or 93 feet 
per fecond, as appears by the obfcrvations of Mr. Brice and 
many others f. 

* VIII. Phil. Tranf. Abr. p. 458. 
t Phil. Tranf. 1766, p. 266. 

The 
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The infufficiency of the fecond reafon alledged by Dodor 
Halley has been clearly (hewn by Mr. De Luc j nor is the expe- 
riment of Mr. Hawkfby conclulive, as it appears that part of the 
air already confined in the boxes was forced out by the blaft of 
air •, and to remove all doubt of the infufficiency of this expla- 
nation, I need only mention the obfervation of Mr. Derham, 
that during the greatefl: vehemence of florm the §( rifes inftead 
of falling lower. IV. Phil. Tranf. Abridg. Part JI. p. 77, And 
I have had occalion to make the fame obfervation on the 28th 
of February, 1785, in London. 

Of the Influence of F'afors, 

The influence of vapors was never totally overlooked by any 
of the philofophers who undertook to explain the variations of 
the barometer, though the part they really ad was Httle under- 
flood by any except Mr. Dc Luc. However, within thefe few 
years the greatefl: light has been thrown on this fubjed by Mr. 
De SaufTure, in his incomparable treatife on hygrometry. He 
very juftly diftinguiflies two forts of vapors j the invijtble^ to which 
the name of vapor is moft properly applicable, and the vijible ; of 
this laft there are two forts, the vejicular and the concrete. The 
invifible are fpecifically lighter than air of the fame temperature, as 
Mr. De Luc has fhewn by numerous obfervations, and Mr. De 
Sauffure by dired experiments ; but the vejicular are of the fame 
fpecific gravity as the air in which they fubfift. To undcrftand 
the influence of both fpecies of vapors on the barometer, it is 
neceifary to enumerate fome of their principal properties, and 
Ihew how air is affcded by them. 

First. 
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First. Mr. De Sauffure and General Roy have proved that 
water in its folid ftate evaporates in every degree of cold between 
o and 32*, as it is well known to do in its liquid ftate, and in far 
greater proportion in all degrees fuperior to 32^. 

Secondly. Though water evaporates more quickly and in greater 
quantity in vacuo than in open air (and confcquently its evapo- 
ration cannot be attributed to its affinity to air) yet it would 
fpeedily be condenfed back again into water by contad with 
colder bodies if it did not adhere to air, which therefore chiefly 
fupports it in a vaporous ftate, and thus the different opinions of 
phiiofophers on this fubjed may be reconciled. Mr. Sauflure has 
fliewn that the power of air to fupport vapor diminifties with its 
denfity, but not in the fame ratio, even though the heat fhould 
continue unaltered. This power, therefore, depends partly on 
its temperature, and partly on its denfity; and hence jnvifible 
vapor abounds more in the lower than in the middle ftrata of 
the atmofphere. Mr. Lambert, in the memoirs of Berlin for the 
year 1772, has fhewn that the quantity of vapor at different eleva- 
tions in the atmofphere is generally as the fquarcs of the mercurial 
altitudes at thofe elevations, which I believe to be true in all heights 
to us accefTible ; but in the very highefl regions, which arc occupied 
chiefly by inflammable air, I am inclined to think that vapor is 
more abundant than in the middle ftrata, as water adheres more 
firongly to this air than to refpirable air, and it is probably this 
circumftance that gave rife to the great raift obferved in 1783. 

Thirdly. To the delicate experiments of Mr. Sauffure we 
are alfo indebted for the interefling difcovery that a tubic foot 
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of air, when faturated with vapor in the temperature of 32*^, con- 
tains about 4 grains of water, and gains 0,1109 of a grain by 
faturation at every degree between 32° and 80^, the barometer 
being at 28,77 ; fo that at 66*^ it contains when faturated 7,7 
grains of moifture, and about 8,7 if the barometer be at 30 
inches*. I have often indeed found a greater proportion of 
moifture in a cubic foot of air than is here mentioned, but then 
it was on dark days, in which the air was not perfe<aiy tranfpa- 
rent, and confequently abounded in veficular vapor. 

Fourthly. The fame excellent philofopher has difcovered 
that in the temperature of 65*^, the elafticity of air which paffes 
from a ftate of abfolute drynefs to that of faturation with moif- 
ture, is cncreafed -^j or as I compute tV; and hence he infers 
that the weight of vapor is to that of air of the fame tempera- 
ture as 10 to 14 ; however, as the weight of common air 
appears by my own experiments to be much lower than he fup- 
pofes it, I conclude the weight of vapor to be to that of common 
air as 10 to 12. Mr. De Luc, reafoning from Mr. Watts's expe- 
riments, makes the ratio much greater ; but as thofe experiments 
were made on vapor in a boiling heat, they do not appear to 
me to warrant that conclufion. The elafticity of vapors differs 
much from that of air in this refped, that any confiderable accef- 
fion of prefllon will reduce them in feme degree to the ftate of 
veficular vapor, particularly if they are nearly in a ftate of fatu- 
ration in the compreftTed air. 

* The weights and meafures are reduced to the Englifh ftandard. 

Fifthly. 
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Fifthly. Veficnlar vapor confifts of a number of hollow 
vifible globules, highly eledrified *, and devoid of elafticity. It 
forms a fort of middle ftate between water and invifible vapor, 
and when in large quantity forms mijis and clouds ; when in 
fmall quantity it barely diminifhes the tranfparency of air. It 
cannot fubfift for any time but in air faturated with invilible vapor, 
from whofe decompofition it arifes. 

Sixthly. The condenfation of vapor arifes not merely from 
cold, but from cold and contiguity, otherwife vapor could not be 
formed in a temperature below the freezing point. 

From this view of the nature of vapors, and the change they 
produce in the weight and elafticity of the atmofphere, it is plain 
that their prefence or abfence cannot fully account for the varia- 
tions of the barometer. For if we fuppofe the atmofphere per- 
fedly dry, the barometer at 30 inches, and the thermometer at 
65°, and then a column thereof to be faturated with moifturc, 
its elafticity being encreafed -j-V> it will contain -jV of its volume 
lefs air than before faturation, fince the encreafe of its elafticity 
arifes from the introduction of a new elaftic fluid amounting to 
rr of its bulk : And fince the weight of the whole volume was at 
firft equal to that of 30 inches-of ^, its weight will now be lef- 
fcned by ■—- of 30 inches, that is nearly 0,59 of an inch. But 
an the other hand it gained ^V of its volume of vapor, therefore 
its real lofs of weight will be the difference of the weight of yV 
of air, and -fx of vapor j but the weight of air is to that of 

• II. Sauff. Voy. aux Alpes, p. 259. 
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vapor as 12 to 10, therefore the gain here is 0,49 of an inch, 
which deducted from 0,59 the lofs, leaves the lofs ~ of an inch. 
This, therefore, is the variation the barometer fhould undergo by 
the palTage of a column of air from abfolute drynefs to complete 
faturation, a circumftance which perhaps never takes place, as 
the atmofphere is never abfolutely dry ; and yet previous to 
heavy rains we often obferve the barometer to fall 3, 4 or 5-tenths 
of an inch, a fall which we fee cannot originate from the fatura- 
tion of the atmofphere with vapor. Nor is there any proportion 
between ihe afcent of ? after heavy rains and the weight of 
vapor condenfed, for in fuch cafes the x frequently rifes 3 or 
4-tenths of an inch ; and yet the heavieft rain feldom produces 
one cubic inch of water, and the weight of a cubic inch of water 
is not equal to that of even -iV of 3- cubic inch of $. 

Of the unequal Diffujion of the higher Atmofphere. 

Having thus fhewn the infufEciency of thofe caufes to which 
the variable weight of the atmofphere and height of the baro- 
meter have been ufually referred, I now proceed to explain that 
which alone feems to me adequate to the efFefls produced ; 
namely, the accumulation of air over thofe parts of the globe in 
which the mercury exceeds its mean height, that is the height 
iuited to its fituation, and the diminution or fubtradion of the 
natural quantity of air ovfcr thofe regions in which the $ falls 
bencatb its mean height. To trace the origin of this accumulation 
and diminution we muft confider what may be called the natural 
ftatc of the atmofphere, and how this Hate is difturbed. 

I call 
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I call that ftate the natural ftate of the atmofphere in which 
the barometer on the level of the fea would jftand at 30 inches 
in fercne weather, conformably to the fifth obfervation. To 
produce this ftate, the weight of the atmofphere muii be every- 
where equal at the furface of the fea. The weight of the atmo- 
fphere proceeds from its dcnfity and height ; therefore, to pro- 
duce this equality of weight, it fliould be loweft where its dcn- 
fity is greateft, and higheft where its denfity is leaft. Thefe ex- 
tremes of denfity take place in the asquatorial and polar regions. 
Under the aequator, the centrifugal force, the diftance from the 
centre of the earth, and the heat, are all at their maximum ; in the 
vicinity of the poks, on the contrary, they are at their minimum. 
Therefore, if the height of the ^ be 30 inches under the aequator 
and under the poles, the atmofphere- muft be higheft under the 
Eequator, and loweft under the poles, with feveral intermediate 
gradations. 

But though the sequatorial air be lefs denfe to a certain height 
than the polar, yet at certain greater heights it muft be more 
denfe ; for the mercurial heights at the level of the fea being 
equal, the mafl!es of the correfponding atmofpheric columns muft 
be equal ; but the lower part of the aequatorial column being 
more expanded by heat, &c. than the correfponding fedlion of 
the polar column, its mafs muft alfo be fmailer than that of the 
correfponding fedion of the polar column j therefore a propor- 
tionably greater part of its mafs is found in its fuperior fedion 
than is found in the fuperior fedion of the polar column ; 
therefore the lower extremity of the fuperior fedion of the aequa- 
torial column is more comprefl'ed, and confequently denfer than 
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the lower extremity of the fuperior fedion of the polar column. 
What is here faid of the aequatorial and polar columns muft be 
underftood alfo of the extratropical columns with rcfpedl to each 
other, where great differences of heat prevail. 

Hence, in the higheft regions of the atmofphere, the denfer 
aequatorial air not being fupported by the collateral extratropical 
columns, gradually flows over, and rolls down to the north and 
fouth. 

These fuperior tides confift chiefly of inflammable air, as it 
is much lighter than any other, and is generated in great plenty 
between the tropics ; it furnifhes the matter of the Aurora Borealis 
and Aujiralis^ by whofe combuftion it is deftroyed, elfe its quan- 
tity would in time become too great, and the weight of the 
atmofphere annually encreafed ; but its combuftion is the primary 
fource of the greateft perturbations of the atmofphere, as will 
prefcntly be ihewn. 

If the affluence of the northern and fouthern air to the asqua- 
tor by the trade winds kept pace with the effluence of the fupe- 
rior air, an asquilibrium might ftill in fome meafure be main- 
tained. But the trade winds move only at the rate of twelve 
feet per fecond, or about eight miles an hour * •, whereas, with- 
out the tropics, or at leafl: beyond latitude 30°, the currents of 
the upper atmofphere are incomparably more rapid f. For as the 

* II. Bergm. Erdeklatet, p. 116. 

\ Sauff. Hygr. 300. I. Gentil. Vqy. aux Indes, p. 486. 
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mean heat of the whole fpace between lat. o and lat. 30? i& 
only feven degrees bfe than the mean heat under the aequator, 
the diiFerence of denfity is not fo great as to caufe any rapid 
collaplion of the fuperior columns within that fpace j but from 
lat. 30 to lat. 60*^ (a much fmaller fpace) the mean annual heat 
over* the ocean differs from that of lat. 30° by. nearly fourteen 
degrees * ; therefore the rapidity of the upper current towards 
the polar regions is much greater, and frequent interruptions muii 
take place, during which the weight of the atmofphere will be 
diminifhed. And hence, notwithftanding the high winds that 
frequently prevail between the tropics, the barometer varies 
inconfiderably and but feldom, whereas without themr the varia? 
tions are frequent and confiderable, nearly in proportion to the 
diflance from the aequator j and thus the fccond obfcrvation is 
fufficiently explained. 

As the tides of the fuperior atmofphere flow in greater quan- 
tity where they meet with leaft rcfiftance, the diredion of this 
maximum of quantity is different in different feafons of the year, 
and on different places. 

During the fummer of the northern hemifpherc, as winter 
then prevails in the fouthern, the denfity of the sequatorial air 
becomes fuperior to that of. the fouthern air at a much lower 
height than that at which it becomes fuperior to the northern, 
which is itfelf expanded by the prefence of the fun in the 
northern tropic j therefore the fuperior exuberance is chiefly 

• Eftimate of the Temperature of different Latitudes, p; 17.- 
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poured on the fouthern regions, and a comparatively fmaller 
quantity flows over the northern ; therefore the variations of the 
barometer are fmaller with us in the fummer feafon, according 
to the third obfervation, and fewer auroras are formed. 

As the tops of the higheft mountains are covered with fnow 
even in fummer, the air over them will remain colder than that 
over plains, and its columns Ihortcr ; and hence the fuperior air 
in its paffage to the poles will linger and accumulate over them, 
until the difference of denfity becomes fo great as to enable this 
Stir to burft through the hot air that furrounds it, and form cold 
winds that raife the barometer in this feafon. 

In winter, on the contrary, the fuperior current is chiefly 
direded to the northern hemifphere, and hence the greatefl: mer- 
curial heights are found in this feafon. It accumulates where the 
columns of the inferior air are coldeft, and confequcntly fliorteft ; 
that is to fay, over all that part of Afia beyond lat. 35, and E. 
of the Cafpian Sea to the Frozen Ocean, and over the continent 
of North America, which I have elfewhere fhewn to be colder 
than the old continent, and over the polar regions. Hence the 
barometer ufually ftands higher in North America, and varies 
lefs than with us* even in Hudfon's Bay, Jat. 59, where the 
weather is fo turbulent the barometer varies but 1,37 inches, 
whereas in Peterfburgh it vari-es above two f . 

* II. Phil. Tranf. Philad, p. 142. 
t Phil. Tranf. 1770, p. 148, 
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The dcnfer air of the North American continent prefling on 
the rarer incumbent on the Atlantic, produces the alinoft conftant 
wefterly winds which prevail on the eallern coaf^g of America *, 
and in the weftern parts of Europe below lat. yq" ; but above 
that parallel the fuperior European current paffes by a Ihorter 
way into America, where the cold is greater. 

Accumulations are alfo formed in the fouthern parts of the 
old continent j for inflance, over the mountainous trads of 
Thibet, Tartary, Turkey in Europe, Africa, and even in fome 
degree on the Pyrenees and Alps j when the rarefadion in the 
northern parts of Europe is frequent and confiderable, either 
from the pafTage of the northern air to America, or from frequent 
and confiderable aurorae borealis, the fouthern air flows from 
thefe trads to rcflore the aequilibrium ; and while this current 
lafts," and until the a2quilibrium is reftored, the barometer muft 
fall in the intermediate regions ; fo that the defcent of the ^ is 
never the cfFcd of a foutherly wind, but both it and this wind 
are concomitant efFeds of a rarefadion in the northern parts, 
proceeding from the caufes already mentioned. 

On the other hand the ^ generally rifes tinder a northerly or 
cafterly wind, becaufe, as I have already faid, the fuperior atmo- 
fpherc is accumulated chiefly in thofe parts of our hemifphere 
from whence thefe winds iflTue, and this accumulated air paffes 
with them to the fouthern regions. A certain proof that this 
accumulation is the true caufc of their fiipcrior denfity is, that 

♦ II. Phil. Tranf. Philad. p. 99. 
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when this northerly wind is furmounted by a S. W. the ^ falls ; 
as the foutherly wind in the fuperior regions procures a rare- 
fadion in the fuperior or northern tradis. See Mr. Derham's obfer- 
vations, TV. Phil. Tranf. Abr. Part 11. p. 7 1 ; and that mere cold 
is no way concerned in the variation caufed by this wind appears 
in various infiances, to which I refer in the notes *. 

In the fame manner when the ^ falls previous to a ftorm, both 
the florm and this fall proceed from a great rarefadion in the air 
in the quarter towards which the ftorm blows ; which rarefadion 
proceeds from the diminution or deftrudion of the fuperior 
atmofpherc. 

As the fuperior accumulation is derived to us chiefly from 
North America, where it moft frequently arrives at \is maximum, 
hence it is, that the variations of the barometer generally begin 
to the weftward with us in Europe, and are thence gradually 
propagated eaftward (as Mr. Planer obferved on comparing thofe 
of London and Vienna f) and comprehend nearly at the fame 
time diftant degrees of latitude, but not of longitude, according 
to the firfl: obfervation ; as the appulfe of the fuperior accumu- 
lation to the European fhores may be extenfive, but its propa- 
gation eaftward muft be progreflive. In fpring the current of 
fuperior air begins to flow to the fauth, and in autumn to return 

* II. Phi]. Tranf. Abr. p. 4, 6i, 62. VIII. Ditto, p. 614. Phil. Tranf. 1778, 
p. 574. Mem. Par. 1709, p^ 302, in 8vo. 

f II. Ephem. Palat. 
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from it J hence the equinodial ftorms and frequent variations of 
the barometer in thofe feafons. 

The quantity of sequatorial air devolved on our hemifphere 
in different years is variable, and fo is the quantity confumed in 
the northern regions ; hence the mean barometrical height is dif- 
ferent in different years. A fet of obfervations on the changes 
that take place between the tropics in different years, compared 
with thofe that happen in northern and intermediate regions, 
would remove all the obfcurities that attend a minute confider- 
ation of this fubjeft. Barometers in the middle latitudes might 
apprife us of the quantity of air derived to our hemifphere, and 
thofe in polar regions might inform us of the quantity con- 
fumed ; but as thefe obfervations have not been yet made, we 
muft content ourfelves with a general view of what appears to 
be the principal caufe of thefe different annual variations. 

In feme years the accumulation refting on the mountainous 
countries of the fouth of Afia and Europe, and the northern part 
of Africa, is greater than in other years, owing perhaps to a greater 
or earlier fall of fnowj when this happens the northern air is 
lighter and the fouthern colder than ufual, and fouth winds 
principally prevail, which, in the northern parts (ufually fubjecS 
to far greater cold) muft appear comparatively warm ; hence, 
when the winter is remarkably fevere in the fouth of Europe 
and Afia, it is often as remarkably mild in the northern parts, 
and the barometer low. 

K 2 Though 
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Though clouds and a difpofition to rain frequently follow 
the defccnt of the ^, yet this defcent is not the immediate con- 
fequence of either clouds or rain ; on the contrary the ^ frequently 
rifes during rain. But the rarefadion of the atmofpherc which 
produces the defccnt of the ijj, and which arifes from the remo- 
val of the fuperior accumulation, is favourable to the produdion 
of clouds, as a heavy atmofpherc, though it fupports vapors 
once formed, obftruds evaporation j when, therefore, its weight 
is diminifhed, and evaporation encreafed, it foon becomes fatu- 
rated in the higher regions, and clouds are formed. But rain 
feems to arife from a fubtradion of the elcdrical fluid, which, 
when the air abounds with vapors, is eafily conduded to the 
earth. In ferene and fettled weather the $ is generally high, 
becaufe the greateft difturbances of the atmofpherc are conneded 
with its rarefied ftate, which is commonly pretty diftant when 
the fuperior accumulation is confiderable. 

That the variations of the mercurial heights fhould be greater 
at the level of the fea than at great elevations above that level 
is very natural. For fuppofing the ? at the level of the fea to 
ftand at 30 inches, and at a certain elevation above that level at 
25 inches, then if the weight of the atmofphere be diminifhed 
TVS- part, the ? at the level of the fea fhould fall ~ part of 
30 inches = 0,3 of an inch, but that on the elevation fhould fall 
TVo of 25 inches =0,25 of an inch; but it has been obferved 
that the variation on high mountains is beyond all proportion 
fmaller than on the level of the fea, which proceeds from a 
caufe hitherto unnoticed, yet deferving the greateft attention j 
namely, a property which they feem to pofTefs of condenfing and 
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accumulating the air incumbent on tliem in a greater degree 
than the air incumbent over plains is condenfed at equal heights j 
an4 hence when the barometer on the plains falls, and that on 
the mountain alfo, it will be found, after making allowance for 
the difference of temperature, that the fall is proportionably 
greater in the inferior than in the fuperior barometer; and on 
the contrary, if the ^ afcends both in the inferior and fuperior 
barometer, the afcent will be proportionably greater in the fupe- 
rior than in the inferior. 

Thus General Roy on the 7th of Auguft, 1775, at nine 
o'clock, found the correSi height of a barometer on Carnarvon 
quay 30,075, and on the peak of Snowden 26,418 inches. At 
twelve o'clock that on the quay fell to 30,043, and that on 
the peak to 26,405 ; the fall of the ^ on the plain was 
therefore -^-^ of the whole, and the fall on the mountain was 
only ToTT of its original height. On the other hand, at two 
o'cldck, the barometer on the quay rofe to 30,045, while that 
on the peak rofe to 26,415 inches co^red height ; therefore that 
on the quay afcendcd only r-shrr of the whole, whereas that on 
the peak afcended vsVs- part of its height. Yet as the defcents 
of the $ beneath its moft ufual mean height are much more 
frequent and confiderable than its afcents above it, the varia- 
tions on mountains are upon the whole proportionably fmaller 
than at the furface of the fea. I am fenfible that forae obfer- 
vations occur in which the ^ has been found to fall on moun- 
tains while it afcended on the plains ; but in all thofe I have 
met, this happened in warm funny weather, on rocky fummits 
which were heated in far greater proportion than their height 
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demanded, and thus rarefied the air in contad with them ; or 
on windy days, which did not permit the air to ftagnate ; or 
when a foutherly wind prevailed above and not below. It was 
from a condenfation of this fort, apparent in the menfuration of 
Hackluyt-hill in Spitfbergen, that General Roy inferred that the 
polar air, though afFeded with the fame temperature and pref- 
fure, was fpecifically heavier than in the middle zones, which 
cannot be flritSlly true, as certainly the polar air muft by the 
many ftorms that have blown to and from it, be long ago 
mixed with the common mafs of the atmofphere. 

I MUST admit that the juftly celebrated Bouguer was of a 
contrary opinion ; for, from fome experiments made with a 
pendulum, he concluded that air on the higheft mountains was 
proportionably more elaftic and lefs denfe than that on the fur- 
face of the earth ; but one of his comparative experiments on 
which he refted this conclufion, was made in the moift air of 
Popayan, with a pendulum made of the fibres of the aloe leaf ; 
and I have been afTured by a very competent jadge both of 
hygrometers and pendulums*, that this vegetable fenfibly attrads 
moifture ; fo that its weight being encreafed, it is not furprifing 
that its vibrations were retarded in greater proportion than they 
otherwife would be. 

As I have all along fuppofed the rarefadion of the atmo- 
fphere in the polar regions to proceed from the aurorae borealis 
and auftralis, which I take to be a combuftion of inflammable 

* Mr. Whitehurft. See alfo Herbert de Igne, p. i3. 
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air caufed by eledricity, I fhall conclude by flaring the fads on 
which this fuppofition is founded. 

First. It is certain that inflammable air is produced, parti- 
cularly between the tropics, by many natural operations, fuch 
as the putrefadion of animal and vegetable fubftances, volcanoes, 
&c. and that this air is lighter than any other, and confequently 
occupies the higheft regions of the atmofphere ; and hence Mr. 
SauflTure and others have found the air on the higheft mountains 
lefs pure than that on the plains, and its eledricity ftronger. 

Secondly. It is allowed by Dodor Halley and others who 
have treated of the trade winds, that the higheft air between 
the tropics is thrown ofl" on both fldes towards the poles, and 
of this I think I have given fuflicient proof; therefore it is 
inflammable air that is chiefly thrown off" towards the poles. 

Thirdly. It is certain that the northern lights are the higheft 
of all meteors, though they fometimes extend pretty low into 
the inferior atmofphere ; and Dodor Franklin's conjedure, that 
they proceed from eledricity, is at prefent generally followed by 
all mcteorologifts. A detail of their reafons I muft omit, as it 
would occalion too great a digrefllon from the prefent fubjed. 

Fourthly. It is certain that after the appearance of an 
aurora borealis the barometer commonly falls. This obfervation 
was firft made by Mr. Madifon in America * j and I have feen. 

* II. Phil. Tranf. Philad. p. 142. 
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it verified in the diaries of the Berlin Academy for 1783 and 
1784, the only ones which I have confultcd. Thefe meteors are 
alfo generally followed by high winds *, and ufually from the 
fouth, all which ftrongly prove a rarcfaQion in the northern 
regions. Thefe lights are much more common in the higher 
latitudes of North America than in the fame latitudes in Europe. 
Captain Middleton remarks that they appear almoft every night 
in Hudfon's Bay, lat 59, whereas at Peterfburgh they are feen 
much more rarely ; which confirms my opinion that the fuperior 
effluence is more copioufly diftributed over North America than 
over the old continent. 

• VIII. Phil. Tranf. Abr, p. 463. 



